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Characterization of hiPSC-derived
muscle progenitors reveals distinctive
markers for myogenic cell purification
toward cell therapy. Stem Cell Reports
16: 1-16, 2021.
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Development of novel therapies for neuromuscular disorders using animal models

Principal Investigator: Yoshitsugu Aoki, MD, PhD
Director, Department of Molecular Therapy, National Institute of Neuroscience
National Center of Neurology and Psychiatry

Project period: FY2023

We have achieved significant progress in developing new therapies utilizing disease model animals in our
research endeavours. Our accomplishments include creating the world's smallest micro-miniature pig
model for Duchenne Muscular Dystrophy (DMD) and completing a comprehensive skeletal and cardiac
muscle pathology analysis. We developed a mouse model with a specific tag inserted into the dystrophin
short product (Dp71), identifying Dp71-expressing cells in the cerebellum and their functional relationship
with AQP4 and Kir4.1 channel proteins in Bergmann glia. Administering Dp140 mRNA directly into the
amygdala of mdx52 mice improved excitatory synaptic responses and ameliorated abnormal social
behaviour (Prog Neurobiol, 2023). Using long-read snRNA-seq data from human brain tissue, we
discovered high DP140 expression in excitatory neurons of the deep cortex, particularly in cells marked by
serotonin receptor HTR2C. In stem cell research, we developed a method to differentiate motor neurons
from urine-derived cells and successfully created 3D brain organocids from urine-derived cells of DMD
patients. Additionally, we developed a method using microRNA switches to differentiate and purify skeletal
muscle stem cells from human iPS cells, elucidating the differentiation mechanism of mesenchymal stem
cells in response to "field logic" within the body (iScience, 2023; Cell Commun Signal, 2023). Furthermore,
we identified mesenchymal progenitor cells intrinsic to skeletal muscle, revealing their dual role in muscle
maintenance/enhancement and promoting fibrosis and adipogenesis, thus exacerbating the pathology
(Nat Rev Endocrinol, 2023). We clarified the significance of R-loops mediated by TUG1 at microsatellite
loci necessary for cell proliferation (Nature Communications, 2023). Additionally, we created a dominant
genetic LMNA mutation mouse model replicating cardiomyopathy and demonstrated the potential of
supplementation through oligodendrocytes to inhibit ALS progression (Frontiers in Cellular Neuroscience,
2023). Our initiatives also included advancing preclinical studies on in vivo genome editing using lipid
nanoparticles loaded with CRISPR-Cas9 for muscular dystrophy mice. We enhanced and reported the
accuracy of the eSkip-Finder web interface for predicting antisense sequences (Pharmaceutics, 2023),
enabling sequence prediction and therapeutic modality evaluation, thus establishing a high-throughput
research infrastructure for developing new exon-skipping drugs.

RESEARCH & RELATED Senior/Key Person Profile
+ Principal Investigator
National Center for Neurology and Psychiatry
Yoshitsugu Aoki, Director
+ Co-Investigators
National Center for Neurology and Psychiatry
Tatsuo Mano, Section Chief
Satoru Noguchi, Section Chief
Rieko Muramatsu, Director
Shin‘ichiro Hayashi, Section Chief
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STATEMENT OF WORK
Specific Aim 1
Development of new therapeutic interventions using animal models of neuromuscular diseases
a. Development of genetic therapies for muscular dystrophies
Investigators: Aoki, Miyata, Echigoya, Hotta, Okada, Nakamura, Chiba, Yokota
b. Development of stem cell-based therapies for muscular dystrophies
Investigators: Hayashi, Fukada, Uezumi
c. Discovery of new pathological mechanisms in neuromuscular diseases
Investigators: Noguchi, Muramatsu, Seki, Kawauchi, Kanagawa, Yamada, Shindo, Mori, Suzuki N
Specific Aim 2
Quality Control of Experimental Animals
Investigator: Yasuda
Specific Aim 3
Ethical and social studies to develop new treatments for muscular dystrophies
Investigator: Takeda



